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0 Solid electrofyte fuel cell and method for preparing It 



@ The present invention relates to a fuel cell tiiat contains a solid electrolyte and provides a higirperformance 
solid electrolyte fuel cell using a high-conductivity solid electrolyte, without a loss of output power due to a drop 
in the oxygen ion transport number. 

The present invention is a solid electrolyte fuel cell whicii comprises many unit cells each in which a 
stabilized zirconia system solid electrolyte or a ceria system solid electrolyte containing an additive in such an 
amount or more as to exhibit a maximum value of conductivity is laminated on an anode side of a fundamental 
electrolyte, and a ceria system solid electrolyte Is laminated on a cathode side thereof to form the solid 
electrolyte having two or more layers. 

The present invention is utilized as a power source for various devices and appliances. 

FIG. 3 
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Sottd BecgRrtyte Fuel Celi and Method for Preparittg ft 

The present invention retatss to a &jel celt incorporated with a sofid efectroiyte and a method for 
preparing it 

Fuel cells which have been* iinven^ by Lovd Grove in the first half of the nineteenth century are now at 

a practicable level after many changes amd improvements. 
5 The fuel cell is a kind of device for directly converting chemicaJ energy into electrical energy, and its 

main constitutinal elements are an anode, a cathode and an electrolyte. As the electrolyte of them, an 

aqueous solution or a molten salt is usually used, but solid electrolyte fuel cells (I.e..- solid oxide fuel cells; 
Moreinaftor-r6ferr5d-to--a3-*S0FG)-in-whjch-soliu-rnat6rialo 

employed have also made rapid progress in recent years. SOFC is also called the fuel cell of the third 
70 generation and has the following advantages, in contrast to a phosphoric actd type cell (the first generation) 

and a molten salt type cell (the second generation): 

(1 ) A catalyst of a noble metal such as pfatlnum is not required. 

(2) An energy conversion efficiency is higher. 

(3) A low-quality fuel such as a coal gas is also usable. 

15 However, when the usual electrolyte such as a ZrOrCaO system material Is used in SOFC, a necessary 
operation temperature is as high as 1.000°C and the selection of materials thus is difficult and troublesome. 

The solid electrolyte fuel cell can convert chemical energy stralghtfy into direct current energy. 
However, as described above, its required operation temperature is as high as about 700*C or more, 
generally about LOOO^C in order for the solid electrolyte to have a high conductivity. For this reason, the 
20 restriction on the materials is noticeably severe. 

In the past days, a lot of electrolytes has been developed, but the conductivity of a stabilized zirconia, 
(Zr02)o,85(CaO)o.i5. which is generally used in the fuel cell is 2.5 x 10^ (Scm ' ) at I.OOO^C. This value is 
not considered to be sufficiently high, and thus it is necessary that a wall thickness of the electrolyte is 
reduced, when used in the fuel cell. Further, the cerium system electrolytes having a good conductivity 
25 have been developed of late, but even in these cases, it is naturally needful to decrease their wall thickness. 

As be definte from the above, since the conventional electrolyte in the fuel cell has no sufficient 
conductivity and since the operation temperature is high, the limitation on the materials is stern. Accord- 
ingly, the conventional solid electrolyte fuel cell is poor in performance and thus has the drawback that its 
operation is not easy. 

30 Moreover, in the usual solid electrolyte fuel cell, the electrolyte on the side of a cathode thereof is in 
contact with moisture in an oxygen gas (or moisture in air, in the case that air is instead employed), and the 
electrolyte on the side of an anode thereof is in contact with produced water. As a result, when a CeQyCaO 
system or a ZrOrCaO system electrolyte is used, the following reaction will occur and CaO will be 
consumed, with the result that the fuel cell will deteriorate In performance disadvantageousiy: 

35 CaO + HaO -* Ca{0H)2 

Furthemnore. in preparing the fuel cell, the electrolyte is required to be formed into a thin membrane, 
but in techniques for obtaining the thin electrolyte membranes such as a chemical vapor deposition (CVD) 
and an electrochemical vapor disposition (EVD), there are problems that facilities are too large and a 
treating ability per unit time is too low. That is why its industrialization is difficult inconveniently. 

40 Additionally, in the case of a usual powdery material for flame spraying, its cost is disadvantageousiy high, 
if in the form of a solid solution. 

O n the, other hand, another type of electrolyte, for example, a ceria system (CeOa-C aO. CeOrGdaOa or 
the like) Qi^fftrfttyto^hag ^ rr||i ch hlpher conductivity as compared with the zirconia system electcolvt e. and 
permits manufacturing the solid electrolyte fuel celi which can be operated at a relatively low temperature of 

45 ^700 to sbu" u . in such a ceria system electrolyte, however, a transport number of oxygen ions will drop in a 
zone in which a partial pressure of oxygen is low. In the case of the usual solid electrolyte fuel cell, the 
oxygen partial pressure n the side of a fuel electrode is very low (about 10 to about 10 ^ atm). and thus 
the transport number of the oxygen ions in the solid electrolyte will fall, so that its output will deteriorate 
disadvantageousiy. 

50 The object of the present invention is to provide a solid electrolyte fuel cell which comprises many unit 
cells each in which a stabilized zirconia solid electrolyte or a ceria system solid electrolyte containin g an 
additive in auch an amount or more as to exhibit a maximum value of conductivity is laminated on an a no3e 
side 0*1 a rUMU^'ii^ntUI uluelitylyiu. atlU'a ceria system soiia electrolyte is laminated on a cathode side 
thereof to form the solid electrolyte having two or more layers. 

The object, features and benefits of the present invention will be apparent from th following detailed 

3 
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descna-icfl!. ih referenca to araw.ings in which: 

Figw*«s: T to a sKrow the aspect of the present invention: Rgures 1 and 2 are sectional views of the solid 
e'ecB^ci'/tSs usesf! In- ?ne sondi el ctrolyte fuel cells regarding the present invention, and Rgure 3 is a 
ccnsbtutonalj view of. a cacwer generation test device for the solid electrclyte fuel cell of an embodiment 
s re^oifng. ^9 Santlir. ^sssct Qf the- present invention. 

The- ImentiOT I's diractteJi to a sc^ electrolyte fuel cell which comprises many unit cells each in which a 
stabilized; arconiff- systiam. <2f.OrCa£3 system. ZrOrYaOa system or fte like) solid electrolyte or cerium oxide ^ 
(Ca02) system, sslld'electroiyte. which contains an additive (CaO. SrO or the like) in such an amount or more 
as to exhibit a maximum value of conductivity and In which a transport number of oxygen ions does not * 
;o drop even under a low partial: pressure of oxygen is utilized on an anode side, and a ceria system (CeOr 

eaG^OeOrSiG-ap-the-iike)-SGlic^5^ectro^yt5-havi^.g-a-vsry-h^^ 

form the solid electrolyte having two or more layers. 

According to the solid el'ectrolyte fuel cell described above, under usual conditions of operation, the 
drop in the transport number of oxygen ions due to the low partial pressure of oxygen is so small as to be 
75 negligible, and the solid electrolyte on the cathode side has a high conductivity. ThereforOr a perfonmance 
of the cell can be improved^ by constituting these electrolytes in the form of a multilayer. 

The multilayer solid electrolyte membrane employed in the present invention can be manufactured by 
the use of a usual CVD process, EVD process or flame spraying process. 

Now, an erabodiinnent of the tenth aspect of the present invention will be described. For more 
20 clarification, two terms will be first defined as follows: 

Anode side electrolyte: A solid electrolyte of stabilized zirconia system or a ceria system which contains 
an additive in such an amount or more as to exhibit a maximum value of conductivity and in which a 
transport number of oxygen ions is not lowered even under a low partial pressure of oxygen. 
Cathode side electrolyte: A ceria system solid electrolyte having a very high conductivity. 
25 A solid electrolyte used in a fuel cell regarding the present invention is. for example, an electrolyte 
comprising an anode side electrolyte 51 and a cathode side electrolyte 52 adhering to the anode side 
electrolyte 51 . as shown in Rg.1 . 

In the fuel cell employing such a solid electrolyte, the drop in the transport number of oxygen ions due 
to the low partial pressure of oxygen does not occur on the anode side electrolyte 51. and since the 
30 cathode side electrolyte 52 has a high conductivity, the fuel cell employing the cathode side electrolyte 52 
can maintain the high conductivity on the whole, whereby excellent cell properties can be obtained. 

The solid electrolyte used in the fuel cell regarding the present invention is not limited to the structure 
shown in Fig.t but may take another multilayer structure comprising an anode side electrolyte 53 having a 
high content of CaO, a middle electrolyte 54 having an intermediate content of CaO and a cathode side 
as electrolyte 55 having a low content of CaO. Particularly in the case the CeOrCaO system, such a multilayer 
type solid electrolyte as shown in Fig. 2 can be easily prepared without any seam only by controlling feed 
rates of CeOz and CaO. The solid electrolyte in Rg. 2 can also provide the same functional effect as in the 
electrolyte shown in Fig.1. 

For the purpose of confinming the effect of the solid electrolyte fuel cell regarding the present invention. 

40 current - voltage properties are measured in accordance with such an anrangement as shown in Fig.3. 

First of all, a silver paste is applied in a thickness of about 10 urn onto a porous support 61 an end 
portion of which is closed, and calcination is then carried out to form a porous anode 62. Afterward, a 
stabilized zirconia having a composition of (2:r02)o.9(Y203)o.i is applied in a thickness of 60 um onto the 
anode 62 by means of a plasma flame spraying process in order to form an anode side electrolyte 63. A 

45 ceria system electrolyte having a composition of {Ce02)o.8(CaO)o.2 is then applied in a thickness of 140 am 
onto the anode side electrolyte 63 by the plasma flame spraying process, thereby forming a cathode side 
electrolyte 64. Further, a cathode 65 having a thickness of about 10 um Is formed on the cathode side 
electrolyte 64 in the same manner as in the case of the anode 62. Aften^vard. the anode 62 and the cathode s 
65 of the thus prepared solid electrolyte fuel cell are connected to a variable resistance 67 by the use of 

so lead wires 66, 66 of a platinum net and a platinum wire, respectively. 

A heat-resistant ceramic pipe 69 is then inserted into an electric furnace 68. and the solid electrolyte ' 
fuel cell is further inserted into the heat-resistant ceramic pipe 69. A test of power generation is then earned 
out raising a temperature in the furnace up to 900 "C and employing hydrogen as a fuel and air as an 
oxygen source in order to investigate current - voltage properties. The results ar set forth in Tablel . 

55 In Comparative Examples 1B and 2B in Tablel. . (ZrOah 9(Y203)o.i and (Ce02)o 8(CeO)o.2 are employed 
alone respectively as electrolyte materials, and the solid electrolytes each having a thickness of about 200 
um are formed. For the solid electrolyte fuel cells in which the thus formed electrolytes are used, a test is 
carried out in th same arrangement as in Rg.3 . Th results are set forth in Table 1. 

4 
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Tabled 



. CAnip_._Xxamp.le_ l B_ 



15 



20 



Current Density (mA/cni ) 
100 200 300 
JL..82_V Q^.JO._V 0..A3 JJL 



Comp. Example 2B 
Example B 



0.84 V 
0.89 V 



0.74 V 
0.79 V 



0.66 V 
0.71 V 



The results in the aforesaid table Indicate that the solid electrolyte fuel cell of the Example B can 
provide a higher output than the cells of Comparative Examples 1 B and 2B, 

According to the present invention described above In detail, a drop in an oxygen ion transport number 
due to a low partial pressure of oxygen does not occur on the side of the anode, and since the solid 
electrolyte with a high conductivity is used, the solid electrolyte fuel cell having an excellent performace can 
be provided. 



Claims 

1. A solid electrolyte fuel cell which comprises any unit ceils each In which a stabilized zirconia system 
solid electrolyte or a ceria system solid electrolyte containing an additive in such an amount or more as to 
exhibit a maximum value of conductivity is utilized on an anode side* and a ceria system solid electrolyte is 
utilized on a cathode side to form the solid electrolyte having two or more layers. 
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FIG. 3 
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